Glycoengineering of therapeutic glycoproteins: in vitro galactosylation and sialylation of glycoproteins with terminal N-acetylglucosamine and galactose residues.
Therapeutic glycoproteins produced in different host cells by recombinant DNA technology often contain terminal GlcNAc and Gal residues. Such glycoproteins clear rapidly from the serum as a consequence of binding to the mannose receptor and/or the asialoglycoprotein receptor in the liver. To increase the serum half-life of these glycoproteins, we carried out in vitro glycosylation experiments using TNFR-IgG, an immunoadhesin molecule, as a model therapeutic glycoprotein. TNFR-IgG is a disulfide-linked dimer of a polypeptide composed of the extracellular portion of the human type 1 (p55) tumor necrosis factor receptor (TNFR) fused to the hinge and Fc regions of the human IgG(1) heavy chain. This bivalent antibody-like molecule contains four N-glycosylation sites per polypeptide, three in the receptor portion and one in the Fc. The heterogeneous N-linked oligosaccharides of TNFR-IgG contain sialic acid (Sia), Gal, and GlcNAc as terminal sugar residues. To increase the level of terminal sialylation, we regalactosylated and/or resialylated TNFR-IgG using beta-1,4-galactosyltransferase (beta1,4GT) and/or alpha-2,3-sialyltransferase (alpha2,3ST). Treatment of TNFR-IgG with beta1,4GT and UDP-Gal, in the presence of MnCl(2), followed by MALDI-TOF-MS analysis of PNGase F-released N-glycans showed that the number of oligosaccharides with terminal GlcNAc residues was significantly decreased with a concomitant increase in the number of terminal Gal residues. Similar treatment of TNFR-IgG with alpha2,3ST and CMP-sialic acid (CMP-Sia), in the presence of MnCl(2), produced a molecule with an approximately 11% increase in the level of terminal sialylation but still contained oligosaccharides with terminal GlcNAc residues. When TNFR-IgG was treated with a combination of beta1,4GT and alpha2,3ST (either in a single step or in a stepwise fashion), the level of terminal sialylation was increased by approximately 20-23%. These results suggest that in vitro galactosylation and sialylation of therapeutic glycoproteins with terminal GlcNAc and Gal residues can be achieved in a single step, and the results are similar to those for the stepwise reaction. This type of in vitro glycosylation is applicable to other glycoproteins containing terminal GlcNAc and Gal residues and could prove to be useful in increasing the serum half-life of therapeutic glycoproteins.